Masked tonal thresholds were measured for a beluga whale at one noise level and 32 frequencies between 40 Hz and 115 kHz. Critical ratios were estimated and compared with those previously measured for the bottlenose dolphin. Beluga whale critical ratios were found to be about 3 dB lower than those of the bottlenose dolphin. Absolute tonal thresholds were extended below previous measurements to 40 Hz.
INTRODUCTION
The effect of underwater sounds on marine mammals is becoming increasingly important for environmental impact studies (Awbrey et al., 1986) , and critical bandwidths are necessary for estimating signal detection in noise. Critical bandwidths have to do with the effect of noise intensity on signal detection. The terms critical band and critical ratio are both used to quantify the effects of noise on detection. In human listners, critical ratios are smaller than critical bands by a factor of about 2.5 over most of the hearing range [see Scharf (1970) for an excellent discussion of critical l•ands].
Fletcher (1940) suggested the existence of critical bands. He theorized that, when a tonal signal was played in a broad spectrum of white noise, only the noise energy in a relatively narrow band on either side of the tone frequency was effective in masking the noise, the rest of the noise spectrum contributing little or nothing. A useful way to visualize critical bands is through the operation of the basilar membrane. Each tonal signal stimulates a small portion of the basilar membrane, and Fletcher (1940) reasoned that only noise frequencies stimulating the same band of the basilar membrane would mask the tones' reception. Critical ratios are determined by measuring detection thresholds in broadband white noise and dividing the energy of the signal at threshold by the noise energy per hertz in the noise spectrum. This assumes that the filter corresponding to the critical band is flat on top and has vertical sides; i.e., the highpass and low-pass sides of the filter drop off at infinite dB per octave. Ideally, for measuring critical ratios, a noise spectrum that is perfectly flat should be used. This was not possible in the present case and a more general method of calculating critical ratios was used. In the present experiment, critical ratios are to be calculated by assuming critical ratio filters with vertical sides and calculating their bandwidths by integrating the noise spectral energy on either side of the signal frequency as a function of bandwidth until the integrated noise energy equals the signal energy at threshold. The three projectors used produced noise spectra that were far from flat over much of the frequency range of interest. Because of this, four threshold measurements were made using each projector at each common frequency over frequency bands where there was overlap between projectors. In each case, thresholds were calculated as averages of all the measurements. Probable errors were calculated assuming the measurements to be statistically independent.
II. EXPERIMENTAL RESULTS
Absolute thresholds in the presence of bay noise were measured first to insure that the experimental animal had normal hearing. Thresholds were measured at 32 frequen- Masked thresholds were measured at a single noise level for each of the three sound projectors used. In each case, the noise level was set at a magnitude equal to or greater than any absolute threshold level in the frequency band for which the projector was used. Because the projectors did not produce flat noise spectrums in the water, masked thresholds were estimated by integrating the energy in the noise spectra as a function of bandwidth and equating this energy to the tonal energy measured at threshold. This was done using the dynamic frequency analyzer. The estimated critical ratios are shown plotted in Fig. 4 . The reason that no measurements are reported for frequencies between 200 and 300 Hz is that the Cerwin-Vega speaker produced harmonics in this band that were high enough in intensity to be detected more readily than the primary frequency.
III. DISCUSSION
The effects on our results due to the lack of "whiteness" of the noise spectra produced by our projectors are hard to determine. Bilger and Hirsh (1956) used noise bandwidths that were considerably wider than a critical band and with 54-dB/oct cutoffs, and they found that critical ratios can be calculated accurately on the slopes of the noise, providing the masking level was not too high. Greenwood ( 1961 ) used noise bands that were narrower than a critical band and with very steep sides. Greenwood's data show the thresholds outside the noise band dropping off at rates somewhat greater than 54 dB/oct, which we assume is the shape of the sides of critical bands. In the present case, the noise spectra sometimes have large variations within a critical band, which does not fit either the Bilger and Hirsh (1956) or the Greenwood ( 1961 ) cases. What we have done is interpret the definition of critical ratio in a slightly more general way than is customarily used. We have calculated critical bands by assuming that a critical bandwidth contains an equal amount of energy to that of the just masked tone regardless of the masking noise's spectral shape. This way of calculating critical ratios gives the same results for flat spectra as does dividing the masked tone energy by the energy per hertz of the noise spectra and appears to be reasonable since the critical ratios measured at the same frequencies with projectors projecting very different noise spectra agree to within our experimental accuracy. Fig. 4 , along with the critical ratios from the present experiment, are those measured by Johnson (1968) and Moore and Au (1982) 
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